To investigate the feasibility of intravoxel incoherent motion (IVIM) diffusion-weighted imaging (DWI) and diffusion kurtosis imaging (DKI) in discriminating soft tissue sarcoma from vascular anomalies.
Introduction
Discrimination of benign and malignant lesions is important for formulating treatment plans. Cell density, vascularization, and structure complexity differ between benign and malignant lesions, [1] [2] [3] [4] so could be used for discrimination. Besides pathology, noninvasive imaging techniques were able to provide correlated information. [5] [6] [7] [8] For example, apparent diffusion coefficient (ADC) that partly reflects tumor cell density could be measured with conventional diffusion-weighted imaging (DWI).
Since ADC is affected by both water molecules diffusion and microcirculation perfusion, intravoxel incoherent motion (IVIM) model can be used to separate diffusion from perfusion. [9] Water molecular true diffusion (D), pseudo-diffusion coefficient (D * ), and perfusion fraction (f) are generated with IVIM model. D * and f can reflect vascularization of tumor. As diffusion deviates from Gauss distribution at high b-values, [10] diffusion kurtosis imaging (DKI) model was raised to deal with non-Gauss distribution. Kurtosis is generated with DKI model. Mean kurtosis (MK) can reflect complexity of tissue structure. [11] The feasibility of IVIM and DKI in differentiating tumors has been proved by many studies. [2, 8, 12, 13] However, there is few studies evaluating lower extremity soft tissue sarcomas with IVIM and DKI. The purpose of the current study is to use IVIM and DKI to discriminate soft tissue sarcoma from vascular anomalies that are the most common soft tissue lesions in the lower extremities.
Materials and methods

Patients
This study was approved by the university Institutional Review Broad. Informed consent was obtained from each patient before study. Inclusion criteria were that lower extremity vascular anomalies confirmed by pathology, lower extremity soft tissue sarcoma confirmed by pathology, and IVIM and DKI performed before operation/biopsy. Exclusion criteria were chemotherapy/ radiotherapy (for tumors) performed before MRI, sclerotherapy (for vascular anomalies) performed before MRI. Twenty-two patients with lower extremity soft tissue sarcomas and 15 patients with lower extremity vascular anomalies during January 2016 and December 2017 were analyzed.
A whole body 3T scanner (Skyra, Siemens, Erlangen, Germany) was used for scanning. IVIM-DWI and DKI were performed on the transverse plane. 
Data analysis
A noncommercial software (DKI_tool_3_4) was used for data postprocessing. ADC map, D map, D * map, and f map were generated with IVIM. MK map and mean diffusion (MD) map were generated with DKI. Region of interest (ROI) with different areas (4.78-112.63 mm 2 ) were separately drawn by 2 radiologists with 7 and 9 years' experience. ROI was first drawn on b = 0 map, and then copied to other parameter maps. ROI should be placed on the solid part of tumor, avoiding liquefied necrosis, bleeding area or vessels. ROI were drawn on the slice that had the largest tumor size, as well as 4 slices above and below. compared between soft tissue sarcoma and vascular anomalies using a Mann-Whitney test. Receiver operating characteristic (ROC) curves were constructed for assessing diagnostic accuracies. P values < .05 were considered as significant differences.
Results
Thirty-seven patients (mean age = 37.4 ± 12.5 years, male:female = 20:17) with soft tissue sarcoma (n = 22) or vascular anomalies (n = 15) in the lower extremities during January 2016 and December 2017 were included. Soft tissue sarcomas were as follows: fibrosarcoma (n = 7), synovial sarcoma (n = 2), myofibrosarcoma (n = 4), leiomyosarcoma (n = 2), epitheliosarcoma (n = 1), rhabdomyosarcoma (n = 2), and liposarcoma (n = 4 Table 1 . ADC, D, and MD were significantly lower in soft tissue sarcoma versus vascular anomalies (P < .05, see Table 1 ). MK of soft tissue sarcoma was significantly higher than that of vascular anomalies (0.82 ± 0.56 vs 0.43 ± 0.32, P < .05). D * or f was not significantly different (P > .05, see Table 1 ). Area under curve (AUC), cutoff, sensitivity, and specificity for ADC, D, MK, and MD are shown in Table 2 . MK had the highest AUC. D had the highest sensitivity. Figure 1 shows IVIM images of a vascular anomaly. Figure 2 shows DKI images of a rhabdomyosarcoma. Figure 3 shows source images and calculated parameter maps of a fibrosarcoma. Figures 4 and 5 show ROC curves for IVIM and DKI, respectively.
Discussion
The current study investigated the feasibility of IVIM and DKI in discriminating soft tissue sarcoma from vascular anomalies. The most important findings were that ADC, D, MD, and MK were significantly different between soft tissue sarcoma and vascular anomalies; D and MK were accurate in discriminating soft tissue sarcoma from vascular anomalies.
IVIM model describes true water molecular diffusion with D. Pseudo-diffusion caused by blood movement in capillaries [14] is Table 1 Intravoxel incoherent motion/diffusion kurtosis imaging parameters were compared between vascular anomalies and soft tissue sarcoma using a Mann-Whitney test. (2018) 97:50 www.md-journal.com described with D * . Perfusion fraction is described with f, which reflects abundance of capillaries. Both D * and f are related to vascularization. [15] DKI model has solved the problem of nonGauss distribution at high b-values, and can reflect structure complexity of tissue. [16] Diffusion heterogeneity can be assessed with MK. The greater the MK, the more complex the structure. [17] We found that ADC, MD, and D were lower in soft tissue sarcoma versus vascular anomalies. A possible explanation is that soft tissue sarcomas have higher cell density and narrower extracellular space, [18] which result in more restricted diffusion.
We observed that D was lower than ADC in every case. D has eliminated the influence of perfusion, while ADC still includes perfusion contribution. True diffusion within tumor can be described with D only. Our study found that AUC of ADC was higher than that of MD. A possible explanation is that IVIM used more b values than DKI. The accuracy in ADC calculation could be improved with more b values. [19] Most publications considered IVIM model necessary for highly vascularized lesions, as IVIM could separate true diffusion from pseudo-diffusion. [20] Our study results supported this view. We observed that D * was higher than D by an order of magnitude in tissue sarcoma and vascular anomalies. One possible explanation is that they are both rich in blood supply and highly vascularized. D * and f may be inaccurate in discrimination due to overlap.
We found that MK was higher in soft tissue sarcoma versus vascular anomalies. It could be indicated that diffusion of soft tissue sarcoma deviated from Gauss distribution more. Soft tissue sarcoma may have more complex structure compared with vascular anomalies. We found that MK had the highest AUC, while D had the highest sensitivity and specificity. MK and D seemed most accurate in discriminating soft tissue sarcoma from vascular anomalies.
Our study has some limitations. First, the sample size is small. As lower extremity soft tissue sarcomas are uncommon diseases, we only collected 22 cases during nearly 2 years. We need to collect more cases in future to strength the statistical power. Second, other soft tissue tumors were not analyzed in this study, because we focused on the evaluation of soft tissue sarcoma. Third, we did not perform a comparison between malignant and benign soft tissue tumors. Such a study may include more patients. However, multiple categories in soft tissue tumor family make such studies heterogeneous.
In conclusion, IVIM and DKI are suitable for discriminating soft tissue sarcoma from vascular anomalies. MK and D are accurate for the discrimination. 
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